1. Introduction
===============

The neonatal mortality rate (NMR) includes deaths that occur at birth and up to 28 days after birth ([@b1-epj-07-1494], [@b2-epj-07-1494]), and NMR is an essential index in assessing health in a community ([@b3-epj-07-1494], [@b4-epj-07-1494]). The NMR in Iran is 12--15 per 1000 live births, whereas it is only about 5 per 1000 in developed countries ([@b5-epj-07-1494]). Neonatal mortality is divided into very early mortality (death in the first 24 h after birth), early mortality (death between one and seven days after birth), and late mortality (death between 8 and 28 days after birth) ([@b1-epj-07-1494], [@b6-epj-07-1494]). Very early neonatal mortality has the greatest incidence (4.27 per 1000 live births in 2008) ([@b6-epj-07-1494]). Generally, NMR accounts for about 67% of the total infant mortality rate, and reducing this rate is one of the government's growth and development criteria ([@b7-epj-07-1494]). Thus, one of the government's millennium development goals is to reduce the mortality rate of children under 5 years old in 2015 to two-thirds of the rate in 1990 ([@b8-epj-07-1494]). The total infant mortality rate has been reduced throughout the world, but neonatal mortality has been decreased less ([@b7-epj-07-1494], [@b9-epj-07-1494]).

A high rate of neonatal mortality occurs in NICUs, so periodic assessment of the practices of these units and making appropriate revisions in the practices can be effective in reducing the mortality rate ([@b10-epj-07-1494]). Reducing this rate is important from the healthcare perspective, but it also would result in economical, psychological, and social benefits that extend beyond the neonatal period to childhood, adolescence, and the entire lifetime ([@b7-epj-07-1494]). Certainly, the first step in reducing mortality is to determine the causes ([@b8-epj-07-1494]). Causes of neonatals' deaths generally are classified into two groups, i.e., biological causes and non-biological causes. The biological causes include pre-term birth; low birth weight (LBW), i.e., birth weight less than 2,500 g; and congenital anomalies. The non-biological causes include economic, social, and cultural factors ([@b5-epj-07-1494], [@b6-epj-07-1494]). Several studies have been conducted on neonatal mortality rate in NICUs and its related causes ([@b5-epj-07-1494], [@b8-epj-07-1494], [@b9-epj-07-1494], [@b11-epj-07-1494]). In 2011, Eman et al. reported that the NMR was 58.8% in Egypt's NICUs. The significant risk factors associated with the neonatal deaths were vaginal delivery, multiple births, low Apgar score at the fifth minute, respiratory distress, premature birth, and LBW ([@b9-epj-07-1494]). In 2008, Mirza Rahimi et al. stated that the NMR in the NICUs of the hospitals associated with the Ardabil University of Medical Sciences in northwest Iran was 7.86% and that the most common factors were premature birth and LBW with Hyaline Membranes Disease (HMD) and sepsis being the most common causes of death ([@b8-epj-07-1494]). A 2010 study by Sereshtedari et al. reported an NMR of 22.2% in Qazvin, and the most common causes were sepsis and respiratory distress syndrome (RDS) ([@b5-epj-07-1494]). Reducing the NMR depends on preventing pre-term labor and LBW, prenatal diagnosis, and advanced care, including the use of corticosteroids, surfactants, and effective ventilation, as well as improving nutrition, early management of congenital anomalies, and timely and effective treatment of diseases in pregnancy and providing appropriate care during parturition ([@b6-epj-07-1494], [@b12-epj-07-1494]). With regard to rapid advances that have been made in neonatal care, changes have been observed in the NMR as well as the related causes ([@b13-epj-07-1494]).

The general objective of the research was to determine the NMR in the NICU in Sabzevar during the period of 2006--2013. The specific objectives of the study are listed below:

1.  To compare different causes of mortality during the period of 2006--2013

2.  To assess prevalence of mortality among the neonates admitted to the NICU based on gender, type of delivery, treatment with surfactant, birth weight (BW), duration of survival, and gestational age (GA) during the period of 2006--2013

3.  To assess the effectiveness of the surfactant based on GA, BW, and the duration of survival

4.  To determine the relationships between gender and GA, BW, and the duration of survival, as well as the relationships between the type of delivery and these same factors.

2. Material and Methods
=======================

2.1. Research design and setting
--------------------------------

This cross-sectional study was conducted in the NICU at Shahid Mobini Brothers' Hospital in Sabzevar, Iran. This was the only hospital in Sabzevar City that had an NICU during the time of this study, 2006--2013.

2.2. Sampling
-------------

### 2.2.1. Sample size

Based on the statistical indices from previous studies (95% CI and 9% neonatal mortality among admitted neonates in NICU, and d = 0.025) the appropriate sample size for this study was determined to be 353.

### 2.2.2. Sampling method

In this cross-sectional study, the participants' data were gathered randomly from anytime in the past till acquiring the required number of samples. So, we included in this study all neonates who were admitted to the NICU from January 2006 to January 2013 and died before they were discharged from the hospital.

2.3. Measurement tool and data collection
-----------------------------------------

The tool that was used in the study was a researcher-made checklist that included all neonates admitted to the NICU during the period of the study and all of the neonates among that group who died before they were discharged from the hospital. The content validity of the checklist and its inter-rater reliability was used to confirm its appropriateness. The checklist included various characteristics of the neonates, such as the type of delivery (vaginal or Caesarian section), GA, BW, single or multiple births, diagnoses of any diseases, the duration of survival, and treatment with surfactant. These checklists were completed by the researcher based on the available medical records. The birth rate was provided by the Statistics Department of the University.

2.4. Ethical consideration
--------------------------

This study was approved by the Research Committee of the Sabzevar University of Medical Sciences (Proposal reference no. 122.2954; Ethics committee code: medsab.Rec.92.21).

2.5. Statistical analyses
-------------------------

All data were gathered, coded, entered into a computer, and analyzed. Statistical analysis was performed using the Statistical Package for Social Sciences (SPSS), version 20. We used descriptive statistics and one sample chi-squared tests, as well as U Mann-Whitney and Spearman tests to analyze the data. The significance level used was a P-value of less than 0.05.

3. Results
==========

During the seven-year period that was studied, 58,270 live births (an average of about 8324 live births per year) were recorded in the hospital. Of the 58,270 live births, 3,667 of them were admitted to the NICU, amounting to almost 63 cases per 1000 live births. Among the 3,667 neonates admitted to the NICU, 375 of them (10.23%), i.e., 6.44 neonates per 1000 live births, died from various causes before being discharged from the hospital during the seven-year period of this study. Of the 375 neonates who died, 214 were males (56.9%) and 43.1% were females. Of the 375 neonates who died in NICU, 46.3% were delivered by C.S, and about 74.5% of them had birth weights less than 2,500 g. Among the 375 neonates who died before being discharged, 126 of them (33.5%) died during their first day of life. In the following week, 194 (51.6%) more of the neonates died, and within 1--4 weeks after birth, the remaining 56 (14.9%) neonates died. So, on the basis of 1000 live births, the very early mortality rate (\[of neonatal deaths in the first 24 h after birth/total of live birth\] × 1000) was 2.16, the early mortality rate (\[of neonatal deaths 1--7 days/total of live birth\] × 1000) was 3.33, and the late mortality rate (\[of neonatal deaths 8--27 days/total of live birth\] × 1000) was 0.96. [Figure 1](#f1-epj-07-1494){ref-type="fig"} shows the neonatal mortality rate of the NICU (Neonatal deaths in the NICU in each year/total live births in seven years) and gender-specific mortality (Neonatal deaths of a specific gender in the NICU each year/live births of the same gender in the same year). [Figure 1](#f1-epj-07-1494){ref-type="fig"} shows an increase in the rates and ratios beginning in 2010.

Among the causes of mortality, respiratory distress (46%), sepsis (12%), congenital anomaly (9.8%), asphyxia (8.5%), and pulmonary bleeding (7.7%) constituted 84% of the causes of mortality in the seven-year period, which mostly increased in the two most recent years (data not in table). In contrast, the lowest prevalence causes of mortality included Necrotizing Enterocolitis (NEC) (1.1%), metabolic syndrome (1.3%), renal disease (1.3%), meconial aspiration syndrome (1.6%), and diaphragmatic hernia (1.6%). Respiratory distress in 2012 was double that of 2010, and, since it was the most common cause of neonatal mortality (46%) in the NICU, the rates and ratios that were mentioned were increased. However, the most number of births placed in 2010, while the number of deaths decreased. Then, in two later years, we observed a decrease in births and an increase in neonatal deaths in comparison to 2010, which influenced the rates and ratios. One-sample chi-squared as a goodness-of-fit test (95% CI) showed that the mortality rates were significantly different based on gender (p = 0.004), BW (\<2500; ≥2500 g) (p \< 0.001), GA (\< 34 w, 34 ≤ GA \< 38 w, 38 ≤ GA ≤ 40 w) (p \< 0.001), different causes of death ( p \< 0.001), and different years of death (2006--2013) (p \< 0.001). Also, there was a significant difference between the duration of survival (very early death, early death, and late death) (p \< 0.001). [Table 1](#t1-epj-07-1494){ref-type="table"} provides the frequency of the mortalities of the neonates admitted to the NICU during the period of 2006--2013.

[Table 2](#t2-epj-07-1494){ref-type="table"} shows the mean ± S.E of some important variables, based on gender and the type of delivery, related to the neonates who died in the NICU. The Mann-Whitney test showed no significant relationships between GA, BW, and the duration of survival with gender and the type of delivery. The Mann-Whitney test indicated that surfactant was used more often with premature or LBW neonates and that it could increase the duration of survival. In other words, GA, BW, and the duration of survival were significantly different in neonates who received surfactant (all three variables, p \< 0.001). GA had a significant association with the duration of survival (p = 0.002). Neonatal death occurred earlier when GA was decreased.

4. Discussion
=============

About 10.6% of the neonates admitted to the NICU at Mobini Hospital in Sabzevar City over a seven-year period, 10.6% died before they were discharged from the hospital. The NMR was higher in males, LBW, GA \< 34 w, early mortality, and among neonates who had respiratory distress. The application of surfactant increases the duration of survival. The NMR in the NICU at Mobini Hospital in Sabzevar City was lower than those observed in similar studies in Isfahan, Sari, and Qazvin ([@b1-epj-07-1494], [@b5-epj-07-1494], [@b7-epj-07-1494]), but it was greater than the rate observed in Ardabil ([@b8-epj-07-1494]). The Ardabil study focused on neonates who were admitted to the normal neonates unit and the NICU, so it is obvious that the NMR in NICU would be higher it would be among neonates who did not have any physical complications. However, our study was conducted by considering a period of seven years with a larger sample size, which should improve the validity of the results. The NMR reported in our study was significantly lower than in some other countries, e.g., Egypt ([@b9-epj-07-1494]) and India ([@b14-epj-07-1494]), but it was still higher than some other countries, e.g., Canada ([@b15-epj-07-1494]).

Various factors affect NMR, such as GA, BW, and having diseases at birth NMR ([@b1-epj-07-1494]). The cut-off point for neonatal death was a BW of 2,500 g with a sensitivity of more than 70% ([@b9-epj-07-1494]). The mean BW was 1635.75 ± 91.56 g in this study. The risk of neonatal death is lower when GA and BW are higher ([@b9-epj-07-1494]). We stated that respiratory distress was the main cause of neonatal mortality (46%) in our study, with sepsis in second place at 12%. Both LBW and smaller GA had significant association with NMR, which was in agreement with Ardabil's findings \[HMD (52.2%) and sepsis (14%) and smaller GA had a significant association with NMR\] ([@b8-epj-07-1494]) and Qazvin's results \[sepsis (40%) and respiratory distress (26%) and smaller GA had a significant association with NMR\] ([@b5-epj-07-1494]).

Significant advances in the care provided NICUs, especially in developed countries, including the use of modern equipment, the administration of surfactant, and advanced care of pre-term neonates, have improved the prognosis for neonates who are admitted to the NICU. This may be a reason for differences in the neonatal mortality rates among the communities mentioned above ([@b9-epj-07-1494]). However, this study had some limitations, one of which was the lack of assessment of the neonates who had just been admitted to the NICU. In other words, we had not assessed neonates in other settings, so we may have missed some of the risk factors for neonatal mortality. Thus, we recommend that a study be conducted to assess neonatal mortality in all segments of society. One other limitation was the lack of information on the severity of diseases among the neonates because we had to use the available records, some of which were incomplete.

5. Conclusions
==============

The findings of this study showed that 6.44 neonates died per 1000 births during the seven-year period of the study. Most of these deaths were due to respiratory distress, low birth weight, premature delivery, and sepsis. The strong association between the mortality rate in the NICU and low birth weight and premature birth indicated the necessity of prenatal care aimed at preventing pre-term labor. If there are any risks for the fetus or the mother, special care should be offered. The results of this study suggest that NMR committees should be established and charged with developing comprehensive programs for providing antenatal care through birth for the fetus and the mother, including the investigation of the risk of neonatal death and the provision of preventive strategies.
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###### 

Frequency of mortality among the neonates admitted to the NICU at Mobini Hospital in Sabzevar for the period of 2006--2013

  Year                     Mortality Frequency                                                                                 
  ------------------------ --------------------- ------------ ------------ ------------ ------------ ------------ ------------ ------------
  Gender                   Male                  39 (61.9%)   40 (57.1%)   41 (63.1%)   23 (46.9%)   13 (52%)     25 (62.5%)   33 (51.6%)
  Female                   24 (38.1%)            29 (41.1%)   23 (35.4%)   25 (51%)     12 (48%)     15 (37.5%)   31 (48.4%)   
  Delivery type            Normal Delivery                                 36 (55.6%)   25 (57.1%)   13 (52%)     23 (57.5%)   30 (47.5%)
  Cesarean Section                                            29 (44.6%)   21 (42.9%)   12 (48%)     17 (42.5%)   33 (52.4%)   
  Surfactant               Yes                   23 (36.5%)   38 (54.3%)   20 (30.8%)   26 (53.1%)   15 (60%)     23 (57.5%)   42 (65.6%)
  No                       40 (63.5%)            32 (45.7%)   45 (69.2%)   23 (46.9%)   10 (40%)     17 (42.5%)   22 (34.4%)   
  Birth Weight \<2500      Yes                   44 (69.8%)   51 (72.9%)   48 (73.8%)   37 (75.5%)   19 (76%)     31 (77.5%)   50 (78.1%)
  No                       19 (30.2%)            19 (27.1%)   17 (26.2%)   12 (24.5%)   6 (24%)      9 (22.5%)    14 (21.9%)   
  Survival Duration        \<1day                32 (50.8%)   31 (44.3%)   26 (40%)     7 (14.3%)    9 (36%)      11 (27.5%)   10 (15.6%)
  1-\<7 days               27 )42.9%)            32 (45.7%)   33 (50.8%)   29 (59.2%)   10 (40%)     20 (50%)     43 (67.2%)   
  1-\<4 weeks              4 (6.3%)              7 (10%)      6 (9.2%)     13 (26.5%)   6 (24%)      9 (22.5%)    11 (17.2%)   
  Gestational age (week)   GA \<34               37 (58.7%)   44 (62.9%)   43 (66.2%)   34 (69.4%)   16 (64%)     28 (70%)     41 (64.1%)
  34≤GA\<38                7 (11.1%)             9 (12.9%)    6 (9.2%)     1 (2%)       4 (16%)      1 (2.5%)     7 (10.9%)    
  38≤GA≤40                 19 (30.2%)            17 (24.3%)   16 (24.6%)   14 (28.6%)   5 (20%)      11 (27.5%)   16 (25%)     

###### 

Mean ± S.E of important variables for the neonates who died in the NICU at Mobini Hospital in Sabzevar based on gender and the type of delivery

  Variables          Mean ± S.E                                             
  ------------------ ----------------- ----------------- ------------------ ----------------
  Gender             Male              31.43 ± 0.476     1729.25 ± 91.76    100.27 ± 10.21
  Female             30.47 ± 0.541     1523.96 ± 95.6    97.08 ± 10.75      
  Delivery type      Normal Delivery   30.92 ± 0.529     1730.62 ± 99.291   89.48 ± 9.12
  Cesarean Section   31.17 ± 0.467     1540.89 ± 83.84   108 ± 11.85        
